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Abstract 
In view of the relatively recent introduction of the chinchilla as an experimental model in human neurological research, there 
rises a need for a precise knowledge of the anatomy and structure of the different segments composing this species’ encephalon. 
Our study aimed to enrich the current data pool, by providing a macroscopical and histogical description of the chinchilla’s 
cerebellum. 10 samples were harvested from commercially slaughtered young adults of both sexes. 5 samples were 
macroscopically examined and 5 samples were serially cut and stained (both Hematoxylin-Eosin and a modified Luxol-Cresyl 
protocol). The external features and the structure of the cerebellum were assessed and compared to literature data on other 
similar species (such as the rat and the rabbit). The macroscopic examination revealed that the chinchilla’s cerebellum is well 
developed in size (average width of 2 cm) relative to the size of the encephalon (average width of 2.4 cm). The cerebellar 
hemispheres are globulous, with a prominent paraflocculus and the vermis is very thick. The ratio between these segments 
resembles that of the rabbit’s. Histological samples revealed that the cerebellar cortex presents the main layers common for 
cerebellar cytoarchitectonics. The segmentation of the vermis is similar to that o the rat, but there are variations in lobular size, 
lobular orientation and placement of the primary and secondary fissures. Our results indicate that, although the structure of the 
chinchilla’s cerebellum generally complies to rodent literature descriptions, experiments demanding stereotaxic location of 
lobules and foliae cannot completely rely on the existing neuroanatomic maps of other species (such as the rat), benefiting from 
the present description. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Chinchillas (Chinchilla lanigera) are a domesticated rodent species of South-American origin (Spotorno et al., 
2004; Mohlis, 1983). They have been and are still extensively grown in husbandries all over the world as fur 
animals (Stekelorom-Parmelat, 2006; Jimenez and Jaime, 1996).  
As a house pet, chinchilla’s clinical care demands gave rise to several anatomical studies on various topics such 
as: its skeleton (Silverman et al., 2005), its digestive tract (Stan, 2014; Kohles, 2014; Stan, 2013), its cardio-
vascular system (Martonos et al., 2014), its respiratory system (Yarto-Jaramillo, 2011), etc.  
As a laboratory animal, however, its main use consists of experimental models in hearing pathology and 
auditory pathways research, as demonstrated by the various studies provided by literature (Zhong et al., 2014; Guan 
et al., 2014; Krauss et al., 2013; Brent, 2012; Jackson and Relkin, 1998). This is due to several particularities of this 
species, such as: a three-chambered tympanic bulla (Bennet, 1835 cited in Spotorno et al., 2004), a cochlear 
structure similar to the human’s and a high resistance to ear infections (Hrapkiewich et al., 1998). 
An overview on the various papers produced over the last decade (Eggermont, 2015; Irimescu et al., 2014a; 
Irimescu et al., 2014b; Irimescu et al., 2012; Szalak and  Jaworska-Adamu, 2011; Jaworska-Adamu and Szalak, 
2009; Godfrey et al., 2005;  Frisina et al., 1995) proves that this growing segment is accompanied by an increasing 
interest in chinchilla’s gross and molecular neuroanatomy, which needs to catch up with similar but extensive 
knowledge of older laboratory species, such as the rat (Ratus norvegicus) (Paxinos and Watson, 2007; Paxinos, 
2004). 
Although the cerebellum is not ostensibly a direct part of the auditory pathways, various research on rats suggest 
that this central nervous system segment is involved in auditory pathological processes such as tinnitus (Smit et al., 
2015; Bauer et al., 2013a; Bauer et al., 2013b). Other areas of interest target this segment, as Airey et al. (2001) 
consider it “an ideal structure in which to study the molecular and genetic networks controlling morphogenesis in 
the central nervous system”. These facts correlated with the aforementioned features of the chinchilla make it a 
valuable experimental candidate (Martin, 2012) and at the same time underline the necessity to advance previous 
incursions (Irimescu et al., 2014c; Sultan and Breitenberg, 1993, cited in Glickstein et al., 2009) into the 
cerebellum’s anatomy in this species. Our study thus aimed to enrich the current data pool, by providing a gross 
and histological description of the chinchilla’s cerebellum. 
2. Research Methods 
Our research was carried out on 10 cerebellum samples which were harvested from commercially slaughtered 
young adults of both sexes.  
The cranial cavity was accessed by a standard dissection technique of skullcap removal, followed by a 30 min 
fixation in 10% neutral buffered formaldehyde, in order to facilitate the in situ examination and the extraction of 
the samples. The isolated encephalons were preserved using the same formaldehyde solution.  
5 cerebellum samples were macroscopically examined; both external and internal features were assessed.  
5 cerebellum samples were imbedded in paraffin, serially cut and stained using both a standard Hematoxylin 
and Eosin protocol (HE stain) and a modified Luxol Fast Blue and Cresyl Echt Violet protocol (LC stain).   
The results regarding the external features and the structure of the cerebellum were then compared to literature 
data on other similar species (such as the rat and the rabbit). 
3. Results and Discussion 
3.1. Marcoscopical aspects 
In all of the sampled individuals, the cerebellum was placed under the squama of the occipital bone. The latter is 
however very reduced, due to the extreme development of the dorsal and the lateral chambers of the tympanic 
bullae which intimately surround the hemispheres of the cerebellum. This made the process of uncovering the 
cerebellum very meticulous, especially when isolating the paraflocculus which is prominent and nested in his own 
osseous recess, near to the cochlea, as shown in Figure1(A).  
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On all dissected specimens, the chinchilla’s cerebellum was composed of a well-developed vermis and two 
cerebellar hemispheres, forming a globulous mass presenting 3 sides: 
x a dorso-aboral side, intimately covered by the tentorium cerebella, visible on Figures 1(A) and 1(B); 
x a rostral side, oriented towards the aboral extremity of the cerebral hemispheres and the colliculi, visible on 
Figure 2(A); 
x a ventral side, covering the dorsal sides of the pons and the medulla oblongata, presenting symmetrical pairs of 
three cerebellar peduncles, visible on Figure 2(B). 
 
Fig. 1. (A) In situ aspect of the cerebellum in the chinchilla (opened tympanic bullae and visible cochlea); (B) Aboral view of 
the cerebellum in the chinchilla, revealing the prominent paraflocculi 
 
 
Fig. 2. (A) Oral view of the cerebellum in the chinchilla, with pronounced indentations made by the caudal colliculi of the 
corpora cvadrigemina; (B) Ventral view of the cerebellum in the chinchilla, revealing the cerebellar peduncles and the 
terminal lobules of the vermis 
 
While the overall shape of the cerebellum was rather spherical in appearance, the lateral expansions of the 
cerebellar hemispheres rendered the transverse axis of this segment longer than the sagittal one (approximatively 2 
cm to 1.5 cm, while the encephalon averages 2.4 cm of width), as observable in Figure 2(B). 
The vermis was almost equal in girth with the width of each hemisphere, which are not as well developed as in 
other mammals, and the extremities of the former (lingual and nodulus lobules) were hidden on its ventral side. It 
was delimited by visible but shallow paramedian indentations. Its surface presented multiple lobules segmented in 
A B 
A B 
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lamellae of gray matter. The fissures and sulci extended on the surface of the hemispheres, indicating that the latter 
represent expansion of the vermis (Figure 1(A)).   
Macroscopically, there were no significant differences between the fissures and the sulci, in the dissected 
samples, thus the identification of the lobules of the vermis required a sagittal cut. This also exposed the structure 
of the cerebellum: gray matter forming the outer cortex, supported by white matter arborescence. 
As seen in Figure 3 (red line) the primary fissure of the chinchilla’s vermis is situated near the anterior limit of 
the dorsal side, with the rostral lobe facing the colliculi and the cerebral hemispheres, while the aboral lobe is 
visible on the non detached cerebellum (Figure 1(B)). The secondary fissure is situated on the posterior half of the 
dorso-aboral side (Figure 3 - blue line). Also marked on Figure 3, all 10 lobules could be identified on the sagittal 
cut. 
The ventral view of the cerebellum, as presented in Figure 2(B), shows a narrow lingula in-between two groups 
of cerebellar peduncles (which have been cut horizontally in order to detach the cerebellum). Aborally, there is a 
wide nodulus, separated from the previous structures by a very small recess housing the roof of the IV ventricle. 
Each of the cerebellar hemispheres had the same width as the vermis and presented a very well developed 
paraflocculus, with a slightly aboral oblique orientation (Figure 1(B)). 
The rostral side of the cerebellum samples faced the posterior side of the cerebral hemispheres, without being 
covered by them. Figure 2(A) shows that the paramedian indentations separating the vermis from the cerebellar 
hemispheres disappear in the middle and in the inferior thirds of this side. They are replaced by two distinct ovoid 
indentations, which are the imprints of the acoustic colliculi. Despite this aspect, it is clearly visible that the 
lobulation of the vermis is in direct continuation with that of the hemispheres. 
 
   
Fig. 3. Sagittal cut through the cerebellum  
3.2. Histological aspects 
Microscopical examination of the chinchilla cerebellum samples presented the usual structure of the cerebellar 
cortex in mammals: the outer, molecular layer, the middle layer composed of a single row of Purkinje cells and an 
inner granular layer. This was clearly visible on both HE and LC stains, as shown in Figures 4(A) and 4(B). 
On the molecular layer, we were able to image stellate and basket cells (Figure 5: a and b), as well as numerous 
rich dendritic arborisations from the Purkinje cells, oriented eccentrically, towards the surface of the cerebellar 
cortex (Figure 4 (B): b and Figure 6: c). 
The middle layer presented the characteristic Purkinje cells (Figure 5: c). Our samples indicated that their soma 
is on average approximatively 15 micrometres large and 20 micrometers long.  
The granular layer presented a high concentration of granule cells (Figure 5: d), with an average diameter of 
approximatively 5 micrometres.  
 
Vermal lobules in oro-aboral order:       
x I – lingula; 
x II and III – central; 
x IV and V – culmen; 
x red line – primary fissure; 
x VIa, VIb, VIc – declive; 
x VIIa – folium; 
x VIIb – tuber; 
x blue line – secondary fissure; 
x VIII – pyramis; 
x IXa and IXb – uvula; 
x X – nodulus 
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Fig. 4. (A) Sagittal cut through the vermis in the chinchilla - aspect of the segmentation: a. fissure; b. sulci; c. foliae                
(4x, LC stain); (B) Histological aspect of the cerebellar cortex structure in chinchillas: a. molecular layer; b. Purkinje cell 
layer; c. granular layer; d. white matter fibres (40x, HE stain) 
 
Figure 5: e also illustrates nervous fibres composing the underling white matter sustaining the cerebellar cortex. 
Sagittal and transverse histological cuts revealed the existence of the major cerebellar nuclei (declive, interstitial 
and fastigial). We imaged them as a common mass residing within the white matter at the ventral core of the 
cerebellum (Figure 7: b) but the histological methods did not permit a close delimitation of each of them 
individually. 
 
      
Fig. 5. Histological aspect of the three layered cerebellar structure in chinchillas (40x, LC stain) 
Description: 
a. stellate cells of the 
molecular layer;  
b. basket cell near the 
Pukinje layer;     
c. Purkinje cell;  
d. granule cells of the 
granular layer;      
e. white matter fibres . 
A B 
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Fig. 6. Detailed aspect of a Purkinje cell in chinchillas: a. soma; b. main dendrite; c. dendritic branches (100x, LC stain) 
 
 
 
Fig. 7. Histological aspect of the central mass of cerebellar nuclei: a. large stellate neurons; b. contour of the nuclei mass;   
IV. recess of the IVth ventricle (10x, LC stain).  
3.1. Discussion 
Taking into consideration an overview of the cerebellum in literature (Barone and Bortolami, 2004; Damian, 
2011; Popovici et al., 2000), in the chinchilla, this segment differs from the point of view of conformational details 
- such as the global shape, relations to the cerebral hemispheres and colliculi, hemispheres/ vermis development 
ratio etc., from its homologues in other mammals (horse, carnivores) most of which are justified by differences in 
neurocranium anatomy. 
The overall shape of the cerebellum in chinchillas differs from that of the rat and the rabbit. In the former, the 
cerebellum has a globulous aspect, while both latter species tend to subscribe to a cylindrical shape, because they 
are flattened rostro-aborally (Ruigrok et al., 2015; Barone and Bortolami, 2004). Despite this morphological 
difference, the same literature sources indicate that all three species share a well developed vermis and prominent 
paraflocculus. However, the demarcation between these segments is much more pronounced in the rat (Ruigrok et 
al., 2015), while the paramedian indentations are shallower in the chinchilla, a trait shared by the rabbit (Barone 
and Bortolami, 2004). 
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Examination of the sagittal cut indicated a similar segmentation of the vermis similar to that of the rat’s, which 
has served as comparison for the identification of the lobules (Apps and Hawkes, 2009; Paxinos, 2004; Tian et al., 
2008; Voogd and Glickstein, 1998). 
The relation between the cerebellum and the cerebral hemispheres is similar in all three species, as in none of 
them does the aboral segment of the telencephalon cover the cerebellum. The rat, however presents a much wider 
transverse groove, while in the chinchilla and in the rabbit, the two segments come in close contact.  
Our histological data regarding the three lamellar structure of the cerebellar cortex concords with descriptions in 
literature for mammals in general (Neary, 2008; Barone and Bortolami, 2004; Popovici et al., 2000)  and for  
rodents (Ruigrok et al., 2015; Paxinos, 2004). 
Although the measurements obtained through this study serve as guideline and this data has not been the subject 
of a statistical analysis, comparison to literature suggests that the average size of the cells making up the layers of 
the cerebellar cortex in the chinchilla is in some cases divergent from that presented by literature. Thus, although 
the granule cells of the granular layer, which measured approximatively 5 micrometers in the chinchilla samples, 
subscribe to the average of 5 to 8 micrometers given by Barone and Bortolami (2004), the size of the Purkinje cells 
in chinchillas averaged 15 by 20 micrometers, which is a lot smaller than the average measurements of 50-80 by 
30-40 micrometers mentioned by the same authors. Our observations of the mass of cerebellar nuclei compared to 
its descriptions in literature (Paxinos, 2004), also indicate some particularities, as its aboral region is larger than 
that in the rat. 
4. Conclusions and Recommendations 
The cerebellum in chinchillas present two globulous cerebellar hemispheres, each with a prominent 
paraflocculus and a thick vermis is very. All these structures are intimately covered by the chambers of the 
tympanic bulla and by the occipital squama which renders the isolation manouver difficult.  The oro-aboral axis of 
the cerebellum is proportionally bigger in chinchillas than in the rabbit and in the rat, corresponding to vermal 
variations in lobular size, in lobular orientation and in placement of the primary and secondary fissures.  
The histological segment of this study showed that the cerebellar cortex is composed of the main layers 
common for cerebellar cytoarchitectonics, but certain cell populations present particular features. The Pukinje cells 
are much smaller than the general average considered in literature for rodents. The mass forming the deep cerebral 
nuclei also presents a larger aboral segment, when compared to that of the rat's. 
These external and internal particularities of the chinchilla's cerebellum indicate that one cannot completely rely 
on the existing neuroanatomic maps of other species (such as the rat), and that they must be taken into account 
when planning experimental neurosurgery models on this segment. Our results provide an incipient description in 
this direction and we consider that further stereotaxic and immunohistologic studies are needed to provide more 
accurate cerebellar landmarks.  
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